The workload and stress associated with configural displays in two vigilance tasks were investigated. Two kinds of configural displays were employed: A bar graph display and an object display. A non-configural bar graph display served as a control group. Relative to the non-configural display, both configural displays improved performance in a task requiring integration of information, but were not significantly different from the control group in a task requiring focused attention to display elements. The object display reduced workload i n both tasks, but the b ar graph c onfigural display did not. Results showed a complex pattern of associatioddissociation of workload with performance. Self reports of stress revealed that the tasks were stressful but that configural displays did not reduce the stress of either task.
The workload and stress associated with configural displays in two vigilance tasks were investigated. Two kinds of configural displays were employed: A bar graph display and an object display. A non-configural bar graph display served as a control group. Relative to the non-configural display, both configural displays improved performance in a task requiring integration of information, but were not significantly different from the control group in a task requiring focused attention to display elements. The object display reduced workload i n both tasks, but the b ar graph c onfigural display did not. Results showed a complex pattern of associatioddissociation of workload with performance. Self reports of stress revealed that the tasks were stressful but that configural displays did not reduce the stress of either task.
Configural displays containing emergent features have been investigated for their utility in tasks requiring either integration of information from multiple sources or focused attention on specific display elements. These displays have been shown to improve performance on integration tasks but not on tasks requiring focused attention (focused tasks), although there does not appear to be a cost associated with focused tasks (see Bennett & Flach, 1992 for a review). The superiority of configural displays in supporting performance on integration tasks likely results from the presence of emergent features that are well-mapped to system dynamics (Bennett & Flach, 1992) .
The effects of configural displays on performance in monitoring tasks have been well explored, but to date, investigation of the workload and stress associated with using these displays has been neglected. If designing emergent features into a display improves task performance by reducing the resources required for information processing, one might also expect such displays to reduce the perceived workload and stress of these tasks relative to a task employing a display that does not contain an emergent feature. This effect is more likely to emerge in a task requiring integration of information rather than in one requiring focused attention to specific display elements. A purpose for the present study was to test the possibility that configural displays might reduce perceived workload and stress in an integration task but leave them unchanged in a task requiring focused attention.
Although workload and stress have not been investigated in regard to configural displays, they have been examined in experiments employing the vigilance paradigm. Several investigations have shown that monitoring tasks that require sustained attention impose h g h workloads on operators and that they find these tasks to be stressful. In addition, several investigations have shown that display characteristics that impair vigilance performance also elevate the workload and stress of vigilance; factors that improve performance reduce the workload and stress of these tasks (see Warm, 1993 and Hancock, 1996 for reviews).
While performance, workload, and stress have been investigated extensively in vigilance, the use of configural displays to reduce workload and stress has not been examined in this context. In terms of performance, note that most studies investigating configural displays analyzed performance scores averaged across the experimental session. In contrast, vigilance experiments typically analyze performance change over time. Thus, in addition to examining workload and stress, investigation of configural displays within the vigilance paradigm permitted the assessment of the effect of configurality on the vigilance decrement, or the decline in sensitivity commonly observed over time (See, Howe, Warm, & Dember, 1995) . Given that increasing signal salience improves vigilance performance (Warm & Jerison, 1984) , it was expected that withn the integration task the configural displays would attenuate the performance decrement relative to a non-configural display. No such differences were expected in the focused task.
METHOD
Forty eight men and forty-eight women participated in the study, ranging in age from 18 to 46 years, with a mean of 20.8 years. Two levels of task-type (focused attention vs. integration) were factorially combined with three display types (bar graph non-configural, bar graph configural, and object configural) to yield six experimental groups. Sixteen observers were assigned at random to one of the six conditions with the restriction that the groups were equated for participant sex.
Perceived workload was measured using the NASA Task Load Index (TLX; Hart & Staveland, 1988) , a multidimensional instrument that provides a reliable index of overall workload and also identifies the relative contributions of six sources of workload. Stress state was measured using the Dundee Stress State Questionnaire (DSSQ; Matthews, Campbell, & Falconer, 2001; Matthews et al., 1999) which consists of 11 factor-analyhcally determined scales and 3 secondary factors that reflect multiple dimensions of cognitive state associated with task performance. The secondary factors are Task Engagement, reflected by the Energetic Arousal, Concentration, and two Motivation scales (Success and Intrinsic); Distress, reflected by Tense Arousal, Hedonic Tone, and Control and Confidence; and Worry, comprised of Self-Focused Attention, Self-Esteem, Task-Related Cognitive
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Interference (thoughts concerning task performance), and Task-Irrelevant C ognitive Interference ( thoughts unrelated t o task performance).
The displays employed in this study were adapted from those used by Buttigieg and Sanderson (1 99 1) and Sanderson et al. (1989) , and are shown in Figure 1 . Both tasks required observers to monitor the state of an imaginary system consisting of two inputs and an output. In the integration task neutral events, requiring no response from the observer, were cases in which the output of the system was the average of the two inputs. The input and output values in the bar graph displays were represented by the heights of the rectangles. Neutral events for the rectangle displays had two different sets of values: 1) input 1 and input 2 lengths were 5.8 cm and 2.8 cm, respectively, and the output length was 4.3 cm; and 2) input 1 and input 2 lengths were 4.3 cm and 1.4 cm, respectively, and the output value was 3.0 cm. Critical signals for detection were cases in which the value of the output was 1 cm hlgher or lower than the average of the two input values. The polygon was designed so that the input and output values, represented as the distance from the base to the top of the polygon at the point below each dot, were equivalent to those of the rectangle displays. In both configural displays the emergent feature was linearity, either in the alignment of the input and output bars (bar graph displays) or of the top of the polygon (object display). Note that participants in the integration task were informed of the system dynamics but were not informed of the emergent feature that could be used to aid performance on that task.
In the focused task the input and output values were represented as the vertical distance of each .6 cm diameter black dot from its respective rectangle (bar graph displays) or from the polygon (object display). Neutral events were defined as cases in which each dot was a standard distance (.7 cm) from its rectangle/polygon. Critical signals for detection were cases in which any one of the dots was .5 cm closer than the standard distance to the rectangle/polygon.
Pilot work established that the integration and focused tasks were psychophysically equated for difficulty. In that study, a sample of sixteen observers discriminated critical from neutral events for each task and display format using a two-alternative forced-choice procedure,
In all conditions, stimuli were presented at a rate of 26 eventslmin, and twelve critical signals appeared during each of the four six minute periods of watch. Observers responded to critical signals by pressing the spacebar on a computer keyboard. Responses occurring within 1.5 sec after the onset of a critical signal were recorded as correct detections. All other responses were recorded as false alarms.
Participants completed the pre-version of the DSSQ after the task instructions and then e xperienced a 1 2-min p ractice vigil. During practice observers received feedback regarding correct detections, false alarms, and misses. The practice session was followed immediately by a 24-min vigil divided into four continuous 6-min periods of watch. To be retained in the study observers were required to detect 70% of critical signals and commit no more than 10% false alarms during the first period of watch. Twenty-seven participants failed to meet criterion and were replaced. Of those participants, sixteen were in the non-configuralhntegration task group. However, t-tests showed no significant differences in workload or stress scores between observers who did not pass criterion and those who passed. Hence, for the purposes of this study, the two groups differed significantly only in their ability to pass criterion. Note that in terms of performance differences, omitting the poor-performing observers from the non-configural control group actually reduced the hypothesized effects.
After the vigil, participants completed a computerized version of the TLX and a post-task version of the DSSQ. The order in which these measures were administered was counterbalanced to control for potential order effects. 
RESULTS
Percentages of correct detections and false alarms for each observer were used .fo compute signal detection theory measures of A' and BD . Mean A' scores for each display are plotted as a function of periods of watch in Figure 2 . An ANOVA revealed that the only significant main effect was for periods of watch, with sensitivity declining over the course of the vigil, F(2,205)=18.05, p<.OOl. However, there was a significant task x display interaction, F(2,90)=4.71, p<.05, and a significant 3-way interaction between task, display, and periods, E(5,206)=5.35, p<.OOl. Note that for all analyses involving repeated measures, Box's epsilon was used to compute degrees of freedom to correct for violations of the sphericity assumption (Maxwell & Delaney, 1990 ). Separate display x periods ANOVAS within each task revealed that in the integration task there were significant main effects for
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periods, F(2,107)=7.00, px.01, and for display, F(2,45)=5.52, p<.O1. Post-hoc comparisons (the Bonferroni correction was used for all post-hoc tests) indicated that the sensitivity of observers in the two configural display conditions did not significantly differ from one another but both were significantly more sensitive than observers who experienced the non-configural display. There was also a significant display x periods interaction, F(5,107)=4.08, p<.Ol. Tests for the simple effects periods within each display indicted that sensitivity in the two configural displays remained stable over time (F<1 in both cases), while sensitivity of observers in the non-configural display group declined with time on watch, F(2,3 1)=10.08, p<.OOl. In the focused attention task the only significant effect was for periods, such that sensitivity declined over time, F(2,96)= 11.81, pc.001.
BD scores for observers in each condition and period of watch are shown in Table 1 . An ANOVA indicated a main effect for periods, such that observers became more conservative with time on watch, (2,198) = 14.7, p<.Ol, and a significant 3-way interaction between task, display, and periods of watch, (4,198)=3.4, p<.01. All other sources of variance failed to reach significance. Separate display x period ANOVAs were calculated within each task. In the integration task significant effects were obtained for periods of watch, F (2,76) = 6.4, p<.Ol, and the display x periods interaction, F (3,76) = 4.3, p<.Ol. Tests for the simple effect of periods within each display indicated that in the integration task the response bias of observers in both confgural groups remained stable over time, while the bias of observers in the non-configural display control group increased with time on task, (2,23) = 6.5, p<.05. In the focused attention task, the only significant effect was for periods, such that observers became more conservative over time, An AVOVA on overall workload data indicated a significant effect for task type, F(1,90)=3.91, p<.05, such that the focused attention task (M=61.2) induced more overall workload than the integration task (M=53.4). There was also a main effect for display, F_(2,90)=3.27, p<.05. Post-hoc comparisons revealed that the object configural display (M=51.6) induced significantly less workload than the nonconfigural display (M=63.9). The overall workload associated with the bar graph configural display (M=56.5) was not significantly different from that of the other two groups.
In addition to overall workload scores, ratings on the subscales o f t he T LX were a Is0 c ollected. T hese data were subjected to an ANOVA that revealed significant main effects for scales, F(4,385)=53.2, p<.OO1, display, E(2,90)=6.58, p<.Ol, and a significant 3-way interaction, task x display x scales, F(9,385)=3.20, p<.Ol. Separate task x display ANOVA's for each scale were computed to explore the 3-way interaction. A significant display effect was observed for the Mental Demand scale, F(2,90)= 4.10, p<.05, and post-hoc tests revealed that the object configural display (M48.0) induced significantly less mental demand than the non-configural control group (M=74.0) and the configural bar graph display (M=61.4). The two bar graph displays did not significantly differ from one another.
A significant effect on the Temporal Demand scale was observed for task, F(l,90)=6.82, p<.05, with the focused task (M=70.2) inducing higher temporal demand than the integration task (M=56.5).
For the Performance scale significant effects for display, -F(2,90)=4.14, p<.05, and for the task x display interaction, -F(2,90)=6.85, p<.Ol, were observed. Tests for the simple effect of display within each task revealed a significant effect for display in the integration task, E(2,45)=8.84, p<.O1. Posthoc tests indicated that the observers in the object display (M=22.2) or the bar graph configural display (M=28.4) groups did not differ significantly from one another, but that observers in both groups reported less performance workload than those in the control group (M=54.1). In the focused task there were no significant display differences (p>.05).
On the Effort scale the only significant effect was for display, F(2,90)=3.03, p=.05. Post-hoc tests indicated that observers in the object display condition (M49.8) reported less effort than their cohorts in the non-configural display (2,108) = 9.5, p<.O1.
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group (M=65.8). Observers in the bar graph configural display condition (M=57.7) did not significantly differ from either group. No significant effects were observed for Frustration. Participants' responses on the pre-and post-DSSQ were used to calculate scores on eleven scales using the formula: (post score -pre score)/SD, where the standard deviation used was obtained from a large normative group obtained from Matthews et al. (1999) . A 2 (task) x 3 (display) x 11 (scales) ANOVA revealed a significant effect for scales, F(6, 546)=33.05, p<.OOl. All other effects failed to reach significance ( p . 0 5 in each case). T-tests for each scale, using the Bonferroni correction, were computed to assess global prepost vigil changes in stress state. This was done to verify that the absence of significant effects was not due to insensitivity of the DSSQ to the demands of the vigilance task. Scores on all the scales were significantly different from zero, with the exception of success motivation (M=-. 19) .
Thus, after the vigil participants reported reduced Energetic Arousal (M=-.64), Hedonic Tone (M=-.60), Intrinsic Motivation (M=-1.47), less able to Concentrate (M=-.65), and less Control and Confidence (M=-34). They also reported feeling more tense (M=.45) and more Task-Related Cognitive Interference (M=.35) after the vigil. Observers also were less Self-Focused (M=-.42), had less Task-Irrelevant Cognitive Interference (M=-.53), and felt higher levels of Self-Esteem (M=.40) after the vigil. In terms of the secondary factors of the D SSQ, observers were 1 ess T ask Engaged (reductions i n Energetic Arousal, Intrinsic Motivation, and Concentration), and more Distressed (increases in Tense Arousal and reductions in Hedonic Tone). Note that the observed power for the predicted task x display x scales interaction was .7, which suggests that the lack of significance is not due to Type I1 error.
DISCUSSION
The results of the current study indicate that configural displays can attenuate the vigilance decrement, but only in an integration task. Hence, the performance effects of configural displays in vigilance appear t o b e t ask-dependent, c onsistent with the previous literature on these displays (Bennett & Flach, 1992) . The facilitative effect of configural displays in integration tasks may result from the increases in signal saliency, which generally improves vigilance performance (Warm & Jerison, 1984) . However, in the vigilance literature signal saliency i s usually manipulated by varying the signalto-noise ratio or the magnitude of the psychophysical discrimination (Warm & Jerison, 1984) . The current results are not likely due to discrimination differences, since the physical discriminations were equivalent across displays. In this study, saliency is an emergent feature produced by the organization of display elements. As Buttigieg and Sanderson (1991) have noted, a clear definition of emergence has yet to be established, so linking it to quantifiable signal saliency effects is a difficult undertaking.
Display differences in response bias scores varied according to task. Withm a task requiring the integration of information, differences among displays were observed as a function of time. Earlier in the watch participants in both configural display conditions responded more conservatively than those in the control condition, but by the last two periods, observers in the control group achieved levels of conservatism similar to those of the other groups. Configural displays may permit stable responding earlier in the vigil because they enhance situation awareness in integration tasks, allowing observers to more quickly adjust their responding according the frequency of signal appearance. Withm the focused task there were no differences among display types, but in each condition conservatism increased over time. This likely reflects growing awareness on the part of observers that the frequency of critical signals is low (Craig, 1978) .
Workload effects were influenced by task type as well as by the display employed, but these two factors did not interact. The object display reduced the overall workload associated with vigilance tasks regardless of whether the task required integration of information or focused attention. Hence, object configural displays may be employed to reduce the workload in both tasks, which is consistent with the argument that such displays can support performance on tasks requiring either integration of information or focused attention (Bennett & Flach, 1992) .
The results for workload combined with the significant 3-way interaction between task, display, and periods for sensitivity indicate a complex pattern of associations and dissociations between workload and performance, depending on task and display type. Associations refer to cases in which increases in task load and increases in workload co-occur, while dissociations are cases i n which increases in task load are linked with decreases in workload (or vice versa; see Parasuraman & Hancock, 2001; Yeh & Wickens, 1988) .
Across all display formats the focused attention task induced more workload than the integration task, although sensitivity was statistically equivalent for the two tasks. l%s type of dissociation between workload .and performance suggests that observers in the focused attention condition had to exert more effort in order to meet the Performance of their cohorts in the integration task (Parasuraman & Hancock, 2001) . Analysis of the subscales revealed that temporal demand may have been a major contributor to task differences. It may be that the requirement to scan three different elements in the display induced time pressure in observers experiencing the focused task, while those in the integration task may have been too preoccupied with the required mental calculations to attend to the temporal component of the task.
The performance-workload links across display formats were more complex and depended o n task type. The object display reduced overall workload for both tasks but improved sensitivity only in the integration task. This indicates an association between workload and performance for that display in the integration task, but a dissociation between workload and performance in the focused task. The configural bar graph display showed a different pattern: Overall workload was not significantly reduced in either task, but sensitivity was enhanced in the integration task. This represents an association with respect to the focused task, and a dissociation with respect to the integration task (workload
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was not significantly different from the control group but performance was improved).
The dissociation for the object display in the focused task (workload reduced but performance not significantly different from the control group) may result from an increase in resource investment in a data-limited task, which does not impact performance but increases perceived workload (Yeh and Wickens, 1988) . In the configural bar graph integration task, however, the dissociation between overall workload and performance (workload was not affected but performance was enhanced) may result from similar working memory demands imposed by the two bar graph displays (Yeh & Wickens, 1988) . The emergent feature of the bar graph configural display improves performance relative to a bar graph display without this feature, but it does not relieve the working memory demands associated with an integration task using bar graphs. In general, the workload results indicate that comparing object and bar graph configural displays only in terms of performance and concluding that they are fknctionally equivalent (Bennett & F lach, 1 992; B uttigieg & Sanderson, 1991; Sanderson, et al., 1989 ) masks important differences between these two displays in how workload and performance are linked. In addition, it affirms the argument (Bennett & Flach, 1992; Buttigieg & Sanderson, 1991 ) that there is not necessarily a tradeoff between integrated and focused tasks with configural displays, as the object display reduced workload in both formats.
Analysis of subscale ratings on the TLX revealed patterns not observed in the evaluation of overall workload. Of particular interest is the task x display interactions observed for the performance scale. Display differences were observed for the integration task, with both configural displays reducing performance workload. This may b e related t o the e nhanced situation awareness noted earlier in regard to observers' response bias scores.
The stress of sustained attention was not influenced by either task or display type, although overall pre-post changes on the scales of the DSSQ indicated that the vigil was stressful. These findings indicate that while configural displays eliminate the performance decrement and reduce workload (albeit in a complex way) they may not reduce the costs of that performance in terms of subjective stress. This is interesting, since previous studies have found that increasing signal salience decreases self-reports of stress in vigilance I tasks. For instance, using the DSSQ, Temple et al. (2000) observed that participation in a vigilance task increased observers' stress levels, but only in the context of a difficult sensory discrimination. Apparently, in the current study, components other than the signal salience produced by emergent features contribute to the stress of monitoring in integration tasks as well as tasks requiring focused attention, and investigating those components is a matter for future research. Hancock (1998) and Scerbo (1998) have suggested that the context of vigilance tasks makes them aversive, since task conditions are imposed by either an experimenter or a manager in situations where the operator cannot easily quit. It may be that the absence of control by operators over their work tasks is a major contributor to the stress of vigilance. Regardless of the mechanism controlling the stress of sustained attention, the present study indicates that one cannot utilize configural displays for monitoring tasks with the expectation that operators will find the tasks less stressful.
